Purpose: Static balance decrease with aging. Exercise program has significant effects on improving balance. However, the most effective method on improving balance in elderly remains undiscovered. Therefore, the present study investigated the effect of training on the stable and unstable surfaces on the static balance in elderly.
Introduction
educed balance is common with aging [1] . Balance and inadequate mobility threaten independence in everyday life activities and may increase the risk of falling [2] . Falling may cause bone fractures and consequently, reduces the quality of life. Increased disabilities impose higher healthcare economic burden to societies [3] . The harmful consequences of falls have caused the scholars to explore effective interventions to control the associated risk factors of falling in elderly. Almost 40% of people over the age of 65 years, experience falls at least once per year. About 10-20% of falls lead to hospitalization. The high prevalence of falls is because of risk factors like the decreased postural balance due to aging and strength loss [4] . A training program aimed at improving the strength of the lower limb muscles can improve balance performance [5] , and consequently, reduce the risk of falling [6] .
Postural control is the result of relationship between the function of proprioception system and sensory-motor system. Proprioception system is an important source of sensory information feedback and prevents the loss of balance during stance [7] . Balance performance in elderly is sensitive to the feedbacks of proprioception system. The accuracy of proprioception sense is low in elderly [8] ; because of poor ankle and knee proprioception, they experience balance weakness [9] . The weakness in the proprioception system in elderly is associated with higher balance weakness in anterior-posterior direction [10] , as well as a less reduced balance in the lateral direction during stance [11] .Physical activity can enhance the proprioception sense in elderly. The knee joint proprioception is higher in active elderlies, compared to their inactive counterparts [12] . Improved proprioception in elderly may depend on the type of exercise [13, 14] . For example, Tai Chi exercise can increase the proprioception and motion detection threshold of joints in elderly [14] .
In another study, proprioception sense training in elderly golfers led to improved motion precision and balance control [13] . Hamed et al. suggested that exercising on unstable surfaces increases ankle strength and improves sensory information processing in sudden perturbations [15] . According to Azarpaikan and Taheri Torbati, somatosensory and neurofeedback training could improve the dynamic and static balance of healthy elderly [16] . Chatutain et al. reported that walking exercises could improve the ankle proprioception and increase balance in elderly women [17] .
Borysiuk et al. indicated that performing balance exercise on a 10-cm foam pad (unstable surface) could increase the limits of stability and coactivation of muscles in elderly women [18] . In general, exercise improves balance in elderly. Balance training for elderly should include strength and balance exercises [19, 20] . Balance improvement programs should be accompanied by moderate to severe balance challenges. By reducing the base of support and weight transfer, a moderate to severe challenge can be created for balance. Its intensity should be increased according to the person's progress [20] .
With aging, the proprioception of the ankle and knee joints is weakened, which leads to a reduction in the balance of elderly [9] . Meanwhile, the improvement of proprioceptive system function can promote elderly's
R Highlights
• The balance in the exercises group improved compared to the control group.
• The balance improved differently in exercise groups.
• The exercise on foam and sand may improve balance better than exercise on hard surfaces in the elderly.
Plain Language Summary
In this study 75 elderly woman were divided into 4 different exercise groups and one control group. Biodex balance system was used to record static balance, and Berg Balance Scale (BBS) was used to record functional balance. The results indicated that total balance improved significantly in exercise groups on sand and foam more than exercise on stable surface. Exercise on these unstable surface involve the proprioceptive system and create a safe place for elderly to do exercise without the risk of falling balance performance. Exercises that higher challenge this system may possibly better improve this system and balance in elderly. Therefore, the comparison of various training methods with different involvement levels of the proprioceptive system can demonstrate their extent of effectiveness.
To our knowledge, there is no study that has investigated the effect of different training methods on the improvement of balance in elderly. Therefore, the present study attempted to use 4 training methods, including exercising on 6-and 9-cm foam mats, exercising on sand and exercising on the ground to examine their effects on the static balance of elderly. It was hypothesized that these exercises have no significant effects on the improvement of balance in this age group.
Materials and Methods
This was a quasi-experimental study (cross-sectional) with a pretest-posttest design. The study samples were 75 elderly women aged 60-80 years who were selected using convenience and purposive sampling techniques. The subjects were selected from retired teachers after coordination with the Department of Education in district 1 of Alborz Province, Iran. Inclusion criteria were the age of 60-80 years; no history of cardiovascular and respiratory problems and fractures in the last 6 months; the ability to live independently; no use of walking aids; no acute and chronic bio-psychological disorders; the lack of performing regular exercises; the ability to regularly participate in training sessions; the ability to follow simple commands; and obtaining a Mini-Mental State Examination (MMSE) score of ˃24. Exclusion criteria were having a history of osteoporosis, fractures or lower extremity surgery; a history of neuromuscular disorders; whiplash injury, neck injury, or neck pain; unstable angina or uncontrolled cardiorespiratory problems; and the use of medications such as benzodiazepines, antidepressants or hypnotics that can affect balance.
After selecting the study participants, the research purpose and steps were explained to all subjects, and a written informed consent form was obtained from them. Then, they were randomly assigned into 4 experimental groups and one control group. To assess the balance abilities of the subjects, Berg Balance Scale (BBS) was used. For objective balance assessment, the Biodex Balance System (Biodex Inc., Shirley, New York) was employed. BBS has 14 items and measures the ability of individuals to maintain balance while performing daily tasks such as sitting and single leg stance. Its rating is based on a 5-point scale ranging from 0-4, where "0" demonstrates the lowest function level, and "4" indicates that the individual is functionally independent in performing daily living tasks.
The total attainable score is 56 which is calculated by summing up the points of different scales. Higher scores indicate better ability to keep balance. The effectiveness of intervention is evaluated according to the functional balance [21] . BBS was considered, because it is mainly used in elderly [22] . The reliability of each scale and the reliability between the scales have been reported as 98% and 99%, respectively. Moreover, its internal consistency has a Cronbach's alpha of 96% and is considered as an effective tool for measuring the functional balance [23] . Biodex Balance System was used to assess anteroposterior, mediolateral and total balance indices. The test-retest reliability [24] and validity [25] of the results obtained from this device have been previously reported.
For testing, the subject was requested to stand barefoot on the surface of the Biodex Balance System with the hands folded on chest. The device was initially locked and the subject was looking forward. The angle of feet on the device plate was recorded for the uniformity of the test, in the post-test phase. After turning on the device and recording demographic characteristics, the subject was allowed to recover balance and place the feet in a position that would make it easier to regain balance. Then, the position of feet and their angle on the plate were recorded. The subjects' balance was recorded with eyes open and closed for 20 s. To prevent the subjects from falling and injury, the examiner stood behind them. Eventually, their anteroposterior, mediatorial and total balance indices were recorded.
Exercise protocol
Impaired static and dynamic balance may disturb postural control and walking; thus, it is one of the indicators of aging. The applied exercises were designed to prevent the deterioration of functional balance weakness and falling, with a focus on balance needs, maintaining postural control, and dynamic activities [26] . The exercise protocol was performed with the necessary precautions and assuring of its safety. Moreover, the study participants were allowed to discontinue the exercise program as desired. All subjects performed a selected exercise program for 8 weeks, 3 sessions per week that each lasted for 1 h and 30 min. The selected exercise program included the movements adapted from the 3 recommended physical activities to improve balance in elderly [27, 28] .
The three experimental groups performed exercises on unstable surfaces; one on a 6-cm foam mat, the second on a 9-cm foam mat, and the third group on sand. One experimental group performed the exercises on a stable surface (ground). The control group received no intervention. In total, the training program included 24 sessions and divided into three steps, as follows: 1. a 5-to 10-min warm up by walking and stretching movements; 2. Physical activity for 45-60 min (Table 1) ; and 3. a 5-to 10-min cool down.
The statistical analysis was performed after examining the normality of data distribution using the KolmogorovSmirnov test. After confirming the normal distribution of data, one-way Analysis of Variance (ANOVA) and repeated measures ANOVA were employed in SPSS. The significance level was set at P<0.05.
Results
The demographic characteristics of study participants are presented in Table 2 . There was no significant difference between exercise and control groups (P>0.05). Between-group comparisons are listed in Table 3 . Table  3 reveals no significant difference between the study groups in the pretest phase in terms of anteroposterior, mediolateral and total balance indices (P>0.05). Exercise factor had a significant effect on the balance of subjects (P<0.05). In the experimental groups, total balance and balance in anteroposterior and mediolateral directions significantly reduced after conducting the intervention (Table 3) . The vision had a significant effect on total balance and anteroposterior balance (P<0.05); however, no significant effect was detected on mediolateral balance. The mean scores of total balance and anteroposterior balance while testing with eyes closed indicated higher values, compared to surface standing tests under "eyes open" conditions (Table 4) .
A significant interaction was also observed between balance and exercise type (P<0.001), i.e. after conducting the intervention, balance level reduced differently in groups. Table 5 presents pretest and posttest mean score differences in anteroposterior, mediolateral and total balance indices. As demonstrated, sand exercise caused the most improvement in anteroposterior and total balance. Mediolateral balance significantly improved by performing exercise on a 10-cm foam mat. The least changes were observed in the group where participants performed exercises on sand. Moreover, the difference in the mean score of balance was not significant in the controls.
According to the obtained results, BBS scores significantly differed before and after the intervention (Table 6 ). It was significantly improved at the post-test (P<0.001). There was a significant interaction between group and exercise factors (P=0.002); i.e. the mean score of functional balance significantly increased after conducting the intervention in different groups; the mean difference score was higher after performing exercise on a 10-cm foam mat (7.58). ANOVA results for BBS are shown in Table 7 . 
Discussion
This study evaluated the effects of 4 different exercise methods on the static balance of elderly women. After performing all exercises, the total balance scores of subjects and their balance in anteroposterior and mediolateral directions significantly improved. The BBS scores of subjects also significantly increased. The most improvement was observed among those who performed exercises on sand and on a 10-cm foam mat. The obtained results also reported that vision had a significant effect on the balance of elderly women. This indicates that their balance is largely dependent on visual contribution. Furthermore, in case of surface standing with closed eyes, their static balance significantly decreases (static balance is decreased with increasing deviation). This is consistent with the results of Lord et al. [11] , Shigematsu et al. [29] , and Bird and colleagues [30] .
Lord et al. examined the balance of 156 elderly men and women with eyes open and closed. They observed that with eyes closed, they experienced falls; moreover, the elimination of vision factor led to the adoption of a gait strategy in elderly. Visual motion can create information for the body's movements in relation to the surrounding world, and can improve the right posture. In quiet standing, body sways around the ankle joint and as a result, motion effects changes. The central nervous system interprets the movements in the visual field. In daily activities, visual information (as a feedback source) is very effective in controlling the balance. It has been reported that postural control with closed eyes aggravates by 30%, compared to standing [10, 31] .
The obtained data revealed that balance significantly improved in anteroposterior direction among all experimental groups after the intervention. This is in line with the findings of Bullo et al. Newell [32] [33] [34] [35] [36] ; however, it is in contrast with Heiden and Lajoie and Narita et al. studies [37, 38] . Newell et al. conducted stability exercises, balance exercises, and lower extremity strength exercises in elderly men and women. They found that anteroposterior sway decreased after the intervention, but the controls showed no improvement. Gardner et al. examined the effect of Greek rhythmic aerobic exercises on 28 elderly people for 8 weeks. They reported significantly decreased falls in an anteroposterior direction. The current study also demonstrated a significant improvement in the mediolateral balance of all experimental groups after performing the training program. This is consistent with the findings of Bullo et al. Mokhtari et al. and Heiden and Lajoie [32, 36, 37] . Heiden and Lajoie reported the balance training program could improve static balance in mediolateral direction. Gardner et al. [34] argued that the dynamic balance of elderly people in mediolateral direction improved after rhythmic aerobic exercises.
Bird et al. studied 32 elderly people [30] . They concluded that Pilates training intervention could improve mediolateral sway range while standing on a foam cushion with eyes closed. According to Shigematsu et al. elderly women performed aerobic exercises for 12 weeks; the exercise groups showed significantly greater balance, compared to the controls [29, 38] . The current study also suggested a significant improvement in BBS in all experimental groups after performing exercises; this data is consistent with the results of Madureira et al., Eyigor et al., and Johnson and associates [39] [40] [41] . Their study on elderly people also revealed that after performing the selected training programs, BBS significantly improved in the subjects.
In this study, among examined exercises, those performed on sand and on a 10-cm foam mat had greater effects on improving the BBS as well as anteroposterior, mediolateral, and total balance scores. Structural and functional reduction in the somatosensory system are associated with aging and postural instability. Proprioception sense provides information about the position and motion of joints and tendons. The data of the lower extremities are the most important confounding factors of balance. The proprioceptive threshold is significantly lower than the visual and vestibular thresholds in perceiving the speed of pressure under the feet [7] .
Many researchers have suggested that aging leads to changes in muscle spindles. Morphological changes such as increased capsule thickness and reduced number of intrafusal fibers [42] may be the cause of weakness in the sensitivity of dynamic and static muscular spindles, associated with aging [43] . Evidence suggests that agerelated changes in the muscular spindle occur more often in the distal muscles [44] . Postural control may relate to the proper use and function of the sensory afferents as well as the muscular strength of lower limbs. Physical activity and proprioceptive exercises can limit dynamic postural control in elderly people. This process is done by increasing proprioceptive system contribution, followed by enhanced muscle strength [45] .
In the present study, to increase the proprioceptive system contribution, the training program was conducted on foam mats and sand. The intrinsic instability in these exercises, in addition to strengthening the muscular system, can increase the contribution of the proprioceptive system in transferring data after the training program.
Thus, these exercises provide a better improvement for elderly, compared to the traditional exercises performed on the ground.
The training program improved the BBS and anteroposterior, mediolateral, and total balance scores in the studied elderly. Aging reduces the function of proprioceptive system; therefore, exercising on unstable surfaces can increase the proprioceptive system function. Performing exercises on foam mats and sand cause greater improvement in elderly's balance, compared to those performed on stable surfaces; this is due to the increased involvement of proprioceptive system.
A limitation of the current study was that due to the financial constraints, it was not possible to provide a nutrition program along with a training program for exercise groups.
